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Abstract 

Purpose: Post-implant dosimetric assessment is essential for optimal care of patients receiving prostate brachyther- 
apy. In most institutions, post-implant computed tomography (CT) is performed in the supine position. This study aimed 
to assess variability in dosimetric parameters with postural changes during acquisition of post-implant CT scans. 

Material and methods: In total, 85 consecutive patients were enrolled in this study. Fifty-three patients underwent 
seed implantation alone, and the remaining 32 received a combination of seed implantation and external beam radio- 
therapy. For post-implant analyses, CT scans were obtained in two patient positions, supine and prone. To evaluate dif- 
ferences in dosimetric parameters associated with postural change, the dosimetric data obtaiaed in the supine position 
were defined as the standard. 

Results: The median prostate volume was 22.4 ml in the supine and 22.5 ml in the prone position (p = 0.51). The me- 
dian prostate Dgg was 120.1 % in the supine and 120.3 % ia the prone position, not significantly different. The mean prostate 
VjoQ was 97.1% in the supine and 97.0% in the prone position, again not significantly different. Median rectal V-ioo in 
supine and prone positions were 0.42 ml and 0.33 ml, respectively (p < 0.01). Rectal Dj^c was also significantly decreased 
in the prone as compared with the supine position (median, 59.1% vs. 63.6%; p < 0.01). A larger post-implant prostate 
volume was associated with decreased rectal doses in the prone position. 

Conclusions: Though there were no significant differences among prostate Dgg assessments according to postural 
changes, our results suggest that post-implant rectal doses decreased in the prone position. 
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Purpose 

Post-implant dosimetric analysis is the standard practice 
following permanent prostate brachytherapy. Both the Ame- 
rican Brachytherapy Society (ABS) and the American Asso- 
ciation of Physicists in Medicine (AAPM) recommend 
performing post-implant dosimetric analysis for all patients 
tindergoing permanent seed implantation [1,2] . Currently, 
computed tomography (CT)-based analysis is the most wide- 
ly used post-implant evaluation method [2]. In most iasti- 
tutions, post-implant CT scans are obtained with the patient 
in the supine position. 

Which patient set-up method, supine or prone, is better 
for prostate external beam radiotherapy (EBRT) has long 
been a subject of debate [3-7]. Zelefsky et al. demonstrated 
a significant reduction in the dose delivered to the rectum 
and small bowel with the prone set-up [5], while Bayley 
et al. found doses to the rectal and bladder walls to be high- 



er with the prone set-up [6], Dosimetric differences were 
thought to be attributable to inter-fractional organ shape and 
position changes. The two situations are fundamentally dif- 
ferent. For EBRT, the treatment technique and patient po- 
sition can be decided together, and the treatment can be de- 
livered completely in one or other position. 

For prostate brachytherapy with implanted seeds, the pa- 
tient will be in a variety of positions during the time of high- 
est dose delivery, including supine and prone, but also po- 
tentially sitting and being in other upright positions. How- 
ever, as for post-implant dosimetric assessments, there are 
no reports describing dosimetric differences resulting 
from changing positions. Understanding dosimetric result 
differences among positions, if present, would be useful for 
evaluating post-implant quality and predicting late com- 
plications. This study aimed to assess variability ia dosi- 
metric parameters from prone and supine positions at the 
acquisition of post-implant CT scans. 
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Material and methods 

Between Januaory 2010 and October 2010, 85 patients with 
localized prostate carcinoma receiving ^^I brachytherapy 
at the National Hospital Organization Saitama Hospital 
agreed to participate in this study. The following risk fac- 
tors related to prostate cancer were assessed: serum levels 
of prostate specific antigen (PSA), Gleason score, and TNM 
stage. The subjects were divided into low-risk (Tl-2a, PSA 
< 10 ng/ml and Gleason score < 6), intermediate-risk 
(T2b, PSA 10-20 ng/ ml, or Gleason score = 7), and high-risk 
(T2c-3, PSA > 20 ng/ ml, or Gleason score > 8) groups. Qin- 
ically negative lymph nodes or metastasis were confirmed 
in all 85 study subjects. For the low-risk group, seed implan- 
tation alone (monotherapy) was performed, while for the 
intermediate and high-risk groups, ^^I seed implantation 
at a reduced radiation dose was combined with EBRT (com- 
bined therapy). The intermediate-risk group of patients with 
PSA < 10 ng/ ml, Gleason score = 3+4, and positive core 
needle biopsy rates < 33% received monotherapy. Written 
informed consent was obtained from each patient prior to 
permanent ^^^1 seed implantation. 

Loose ^^^I radioactive seeds (Oncoseed model 6711®; GE 
Healthcare, Medi-Physics Inc., Arlington Heights, IL, USA) 
were implanted in all 85 patients, using a Mick applicator® 
(Mick Radio-Nuclear Instruments, Inc., Bronx, NY, USA). 
The mean activity per seed was 0.36 mCi (range, 0.28-0.4 mCi). 
Implantation was carried out using the interactive ultra- 
soxmd (US)-guided technique with a peripheral loading pat- 
tern. Details of the planning technique were described in 
a previous report [8]. The planned target volume (PTV) was 
defined as the entire prostate. The prescribed dose to the 
PTV was 160 Gy in the monotherapy group, and 110 Gy in 
the combined therapy group for intraoperative planning. 

For post-implant dosimetric analysis, CT scans were per- 
formed approximately 4 to 5 weeks after seed implantation. 
CT scans were obtained in two patient positions, supine and 
prone, with 64 detector arrays (Aquilion 64®; Toshiba Me- 
dical Systems, Corp., Tochigi, Japan). Axial CT images of 
the pelvic area were taken at a 3-mm thickness and 3-mm 
intervals. The treatment was planned using the VariSeed 
8.0® (Varian Medical Systems, Inc., Palo Alto, CA, USA) plan- 
ning system. Post-implant dosimetry was performed by one 
radiation oncologist experienced in prostate brachytherapy 
and post-implant analysis. 

The urethra was generally defined as being at the cen- 
ter of the prostate. Since a uriaary catheter was not used for 
post-implant dosimetry in this study, it was not possible to 
identify urethral position. In patients with prostatic hyper- 
plasia, we modified the post-implant urethral position by 
employing intraoperative US findings. The rectxmi was con- 
toured as a solid structure defined by the outer wall on all 
the slices showing seeds, without attempting to differen- 
tiate the inner wall or the contents. Rectal volumes were out- 
lined from 9 mm above the seminal vesicles to 9 mm below 
the prostate apex. 

The calculated dosimetric parameters included the per- 
cent volume of the post-implant prostate receiving 100% and 
150% of the prescribed dose (Viqq and V-i^q, respectively), 
and the minimum dose received by 90% of the prostate vol- 
vime (Dgg). In addition, the minimum doses received by 10% 



and 30% of the urethral volume (UD^^g ^rid UD30, respec- 
tively) were determined and, as with the rectal dose, were 
expressed as the rectal volume in cubic centimeters that re- 
ceived > 100% of the prescribed dose (RVjoo)/ and the min- 
imum dose received by 2 cc of the rectum (RD2cc), as rec- 
ommended by AAPM Task Group 137 [9] . As a representing 
value of bladder dose, the bladder dose was expressed as 
the minimum dose received by 1 cc of the bladder (BDj^^). 
To analyze the entire cohort of 85 patients, the delivered dos- 
es were converted to percentages of the prescribed dose. To 
evaluate differences in dosimetric parameters associated 
with postural change, the dosimetric data obtained with the 
patient in the supine position for CT were defined as the 
standard. Group comparisons of prostate volumes and dosi- 
metric parameters were performed using the paired-sam- 
ple t test. The intra-class correlation coefficient (ICC) was 
calculated as a measure of the linear correlation. Analyses 
were carried out using SPSS, version 18.0® (SPSS Inc., Chica- 
go, IL, USA). Differences were regarded as statistically sig- 
nificant at p < 0.05. 

Results 

The clinical characteristics of the 85 patients are shown in 
Table 1. The median serum PSA concentration was 6.9 ng/ ml 
(range: 2.3-20.0 ng/ml). The clinical T stage was Tlc-T2a in 
all patients. Of the 85 enrolled subjects, 44 (51.8%) were clas- 
sified as low-risk, 33 (38.8%) as intermediate-risk, and 
8 (9.4%) as high-risk patients. 

The estimated prostate volumes and results of the 
analysis of dose-volume histograms (DVHs) were compared 
between prone and supine position dosimetry (Table 2). 
There was a strong correlation between the estimated post- 
implant prostate volumes by prone- and supine-position 
dosimetry (ICC = 0.993). Correlations of the estimated 
prostate Viqo, V150, and D90 values by prone and supine 



Table L Clinical characteristics of the 85 patients 



Factor 


Value 


Age 


Median (range) 


71 (57-82) 


Initial PSA (ng/ml) 


< 10 


66 (77.6%) 


10-20 


18 (21.2%) 


> 20 


1 (1.2%) 


Gleason score 


<6 


54 (63.5%) 


7 


25 (29.4 %) 


>8 


6 (7.1%) 


Radiotherapy 


Seed implant alone 


46 (54.1%) 


Seed implant + supplemental EBRT 


39 (45.9%) 


Neoadjuvant hormone therapy 


Yes 


30 (35.3%) 



PSA - prostate-specific antigen, EBRT- external beam radiotherapy 
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Table 2. Estimated prostate volumes and dose-volume histograms for prone and supine position dosimetry 





Prone position 


Supine position 


Mean differencei 


95% C|2 


p value 




Mean 


Range 


Mean 


Range 








Prostate 


Volume (ml) 


22.5 


7.9-38.4 


22.4 


6.8-38.4 


0.03 


-0.09 to 0.15 


0.51 


D90 


120.3 


100.4-148.1 


120.1 


100.9-145.6 


0.15 


-0.79 to 1.09 


0.76 


Vioo 


97.0 


90.2-99.9 


97.1 


90.6-100 


-0.08 


-0.36 to 0.19 


0.56 


Vl50 


62.7 


32.4-87.1 


61.6 


30.3-87.3 


1.17 


-0.10 to 2.46 


0.07 


Urethra 


UDio(%)5 


136.1 


110.4-176.9 


133.3 


105.2-170.4 


2.72 


1.27 to 4.18 


< 0.01 


UD3o{%)5 


130.9 


105.3-170.9 


128.7 


102.8-157.3 


2.29 


1.15 to 3.43 


< 0.01 


Rectum 


RVioo (ml)6 


0.33 


0-1.96 


0.42 


0-1.74 


-0.10 


-0.13 to -0.06 


< 0.01 


RDjcc (%)' 


59.1 


33.5-99.9 


63.6 


36.0-95.0 


-3.20 


-4.60 to -1.81 


< 0.01 


Bladder 




79.8 


64.7-103.1 


79.3 


60.9-99.8 


0.58 


-5.73 to 4.57 


0.81 



^Comparisons with supine position dosimetry, ^Cl -confidence interval, ^DgQ-the minimum dose received by 90% of the prostate volume, '^Vjoound 1/^50 - the per- 
cent volume of the post-implant prostate receiving 100% and 150%, of the prescribed dose, ^UDjg and UD^g - the minimum doses received by 10% and 30% of the 
urethral volume, ^RV^qq - the rectal volume in cubic centimeters that received > 100%, of the prescribed dose, ^RDjcc - the minimum dose received by 2 cc of the rec- 
tum, ^BDj^^ - the minimum dose received by 1 cc of the bladder. 



dosimetry were also significant (ICC = 0.852, 0.730, and 
0.823, respectively; Figs. 1 and 2), but there were no sig- 
nificant differences in prostate dosimetric values. 

Differences in the estimated urethral and rectal doses be- 
tween prone and supine position dosimetry were statisti- 
cally significant. UDjg and UD30 were significantly higher 
in the prone than in the supine position. The RV^^qo ^^2cc 
values were significantly lower in the prone than in the 
supine position. The BDj^^ for the supine and prone posi- 
tion did not differ significantly (p = 0.81). Next, factors as- 



sociated with increased UDjg and decreased RD2i,c in the 
prone position were analyzed. Univariate and multivariate 
analyses were performed using logistic regression. The fac- 
tors analyzed were patient age, body mass index (BMl), risk 
group, the utilization of neoadjuvant hormonal manipu- 
lation, the number of seeds inserted, and the post-implant 
prostate volume in the supine position. Neither imivariate 
nor multivariate analyses (Table 3) identified any signifi- 
cant factors affecting increased UDjo/ and the only factor 
significantly associated with decreased RD2i,c was the 
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Fig. 1. Scatter plot of prostate Dgg obtained by CT in the su- 
pine and prone positions. The solid Une represents best lin- 
ear fit to the scattered plots, and the dotted line represents 
the Une with a slope of 1 
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Fig. 2. Scatter plot of prostate Vjso obtained by CT in the 
supine and prone positions. The solid line represents best 
linear fit to the scattered plots, and the dotted line repre- 
sents the line with a slope of 1 
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post-implant prostate volume (p = 0.025). The post-implant 
prostate volume was analyzed in two patient subgroups: 
one in which the prostate volume was < 22 ml and the oth- 
er in which it was > 22 ml. As shown in Figure 3, the RDj^i. 
difference between the prone and supine positions for 
prostate volume > 22 ml was significantly smaller than that 
for prostate volume < 22 ml (mean: -4.73% vs. -1.94%; p < 0.01). 

To obtain spatial information on rectal doses, sector analy- 
ses were performed. We divided the rectum into three re- 
gions in the cranial-caudal direction (upper, middle, and 
lower) and analyzed dose-volume histograms for each re- 
gion separately. As shown in Table 4, the differences be- 
tween the prone and supine positions for the RVjoo and 
RD2(.c varied across the sectors. The RVjgo differences be- 
tween the prone and supine positions were significantly 
smaller for the middle region than for the other sectors, while 
the RD2CC for the upper and middle regions significantly de- 
creased in the prone position in comparison with supine po- 
sition. In all of the 5 patients (5.9%) in whom the RD2i,c in 
the prone position were at least 5% higher than the supine 
position, prostate volume were < 22 ml, and the RD2cc for 
the middle and lower regions in the prone position were sig- 
nificantly higher than in the supine position based on pro- 
static rotation. 

Discussion 

In this study, we employed dosimetric assessments to 
demonstrate dosimetric changes in the prone versus the 
supine position after permanent prostate seed implantation 
for brachy therapy. Previous studies demonstrated differ- 
ences between the prone and supine positions for EBRT [3, 
5-7,10]. The choice of position can alter the external contour 
of the treated area, and may even alter the spatial rela- 
tionships among internal organs. In most institutions, 
post-implant CT scans are performed with patients in the 
supine position, but patients are not always in this position. 
Therefore, post-implant dosimetry in the supine position 
might not reflect the actual doses to the prostate, urethra, 
and rectum. To the best of our knowledge, this is the first 
report on dosimetric differences resulting from pelvic 
anatomical differences between the supine and prone po- 
sitions. These differences are potentially of major significance 
for post-implant dosimetric assessments. 

Our data indicate that prostate dose coverage in the prone 
position does not differ significantly from than in the supine 
position. A rotational or deformational change in the 
prostate in the supine versus the prone position was reported 
by Liu et al. [3]. Despite such changes, the effect of postur- 
al change on post-implant prostate dosimetry seemed to be 
minimal. A similar pattern was exhibited about bladder 
dose, because the bladder wall was located in immediate 
proximity to the base of prostate regardless of postural 
change. On the other hand, urethral doses were higher in 
the prone than in the supine position. This was attributed 
to deformational changes of the prostate. No factors sig- 
nificantly affecting increased UDj^g were identified. How- 
ever, since a urinary catheter was not used for post-implant 
dosimetry in this study, it was not possible to accurately de- 
termine urethral doses. 



Rectal doses were significantly lower in the prone 
than in supine position in this study, and the only factor 
significantly affecting decreased RD2;.c was the post-implant 
prostate volume. We speculate that in the prone position 
gravity would cause the prostate and seminal vesicles to 
fall anteriorly creating a significant distance between the 
prostate and rectal wall. In the study of Wilder et al. [11], 
intra-fractional prostate motion was typically in the ante- 
rior direction when patients were treated in the prone po- 



Table 3. Multivariate analysis of factors associated 
with decreased Rectal Djcc in the prone position 



Factor 


p value 


Hazard 
ratio 


95% CI 
■for hazard ratio 








Lower Upper 


Age 


0.382 






Body mass index 


0.926 






Risk group 


0.533 






Hormone tlierapy 


0.826 






Number of seeds inserted 


0.822 






Prostate volume 
on supine CT 


0.025 


0.279 


0.048 0.335 



CI - confidence interval 



I 9' 

u o 
C Dh- 




< 22 ml > 22 ml 

Post-implant prostate volume on supine CT 

Fig. 3. Rectal D2cc differences between prone and supine posi- 
tions for patient subgroups with prostate volumes < 22 ml 
and > 22 ml. Error bars indicate the 95% confidence inter- 
val of the mean values 

Table 4. Differences in RVjqo and Rectal D2cc between 
prone and supine positions by sector analysis 





Upper region 


Middle region 


Lower region 


RVioo(ml) 


0.02 + 0.02 


-0.08 + 0.01* 


-0.01 ±0.01 


RD2CC (%) 


-5.18 ±0.80* 


-3.76 + 0.86* 


1.17 ±0.54 



RVjQo - the rectal volume in cubic centimeters that received > 100% of the pre- 
scribed dose, RD2CC - the minimum dose received by 2 cc of the rectum. Data are 
presented as mean ± standard deviation 
'p < 0.05 
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sition. In contrast, prostate motion was typically in the pos- 
terior direction when patients were treated in the supine 
position (p = 0.02). Similarly, Nederveen et al. [12] report- 
ed that intra-fractional prostate motion is typically in the 
posterior direction when patients are treated in the supine 
position. When a patient is placed in the prone position, 
the prostate is pulled away from the rectum by approxi- 
mately 5 mm, meaning that there is a lower chance of ir- 
radiation of healthy rectal tissue while treating the prostate 
[7]. Gravity may have accounted for a 0.9 to 1.2 mm sys- 
tematic error [13], and rectal gas for a 1.3 to 2.0 mm ran- 
dom error [14,15] in prostate motion. We speculated that 
larger BMI values might be associated with increased 
prostate shifts, thus potentially changing the dose to the 
rectum depending on treatment position, but there was no 
correlation between BMI and reduced doses to critical struc- 
tures in this study. 

Previous reports have suggested an association between 
rectal dosimetric parameters and post-implant rectal tox- 
icities [16-19]. Although comparisons between series are 
hindered by differences in the timing of post-implant CT 
scans and variations in the way that rectal doses are de- 
scribed, nearly all investigators have shown a higher in- 
cidence of rectal bleeding with higher rectal doses. Sny- 
der et al. [16] demonstrated rectal complications to be 
directly related to the volume of the rectum receiving the 
prescribed dose after 1-125 implantation without EBRT. 
The 5-year likelihood of being free of Grade 2 rectal com- 
plications was 95% if the volume of the rectum irradiat- 
ed by the prescribed dose (160 Gy) was < 1.3 cc. Kalako- 
ta et al. [17] reported that observation of strict rectal sparing 
goals (rectal V^^go ^ 0-05 ml) can help to reduce the mor- 
bidity of therapy, especially for patients undergoing sup- 
plemental EBRT. Providing that such goals are met, 
EBRT may not necessarily increase the risk of Grade 2 gas- 
trointestinal toxicity. Further investigations will be need- 
ed to determine if combining post-implant assessments in 
the supine and prone positions correlate with occurrence 
of late rectal toxicity, and when the correlation is proven, 
it would provide more detailed information allowing the 
prediction of late rectal toxicity. 

Conclusions 

Prostate Dgg assessments did not differ significantly ac- 
cording to postural changes. The results of this study sug- 
gest that post-implant rectal doses decrease in the prone po- 
sition, and a larger post-implant prostate volume was 
associated with decreased rectal doses in the prone position. 
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